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(57) Abstract: 



PURPOSE: A semiconductor light emitting device is 
provided to increase the light emission efficiency by 
providing a light emitting layer on a substrate 
having an n-type lower electrode formed on the 
back thereof, providing a p-type semiconductor 
layer on the light emitting layer, and providing an 
upper electrode having a laminated structure 
consisting of two or more different kinds of layers 
on the p-type semiconductor layer. CONSTITUTION: 
An n-type ZnSe buffer layer(2), an n-type ZnMgSSe 
clad layer(3), a ZnSe/ZnCdSe multiple quantum well 
active layer(4), a p-type ZnMgSSe clad layer(5), a p-type ZnSe layer(6), and a p-type contact layer 
(7) having a laminated superlattice structure of ZnTe and ZnSe are sequentially formed on a 
conductive ZnSe single crystal substrate(l) having an n-type electrode(12) on the back thereof, and a 
p-type ZnTe layer(8) is formed on the uppermost surface, whereby an epitaxial structure is formed. 
An upper electrode having a laminated structure is formed on the epitaxial structure, the laminated 
structure consisting of an Au thin film(lOa) and a transparent conductive film(lOb) laminated on the 
layer(lOa). Thus, the p-type electrode is made to have a transparent conductive film/Au structure, 
whereby the transmittance of the electrode is increased and an optical output is hence improved. 
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1E44* 4*14. **1, * 111 4*14 1eW4*, £ 1(a)* 4£*1]4, p=§44°-S4 f-lEU* 4*1 
4. 

E 1(c)* 12*H4, o.s ^£44(30)* nl l£*l|°H, 44 Pi l£*l](24)<>fl 44*1I4£ 314 

44 144. £, E l(b)# 12*1]4, p^ A u4(26)* 1461I4E, f-4#* ^*>^, US** 44 

14. 

* ftm o^pg, £ i(d)» 42*H4, ^si jj^g. Au«4°-t(10a)t P*§ 4E*11(24H 444:a, f-^E44 
(10b)l- 3#44. Au44(10a)4 4**11* l~3nmS. **1 §J=i, *4** tfl^S. 4444 $*4. £ *l£ 
44(l0b)1 *4*4 _-7H«4|, *lE44(10b)l- 441 * 544. ^ 14, *^E44* *«fl 

4 4^-4 444*)l5L 44442. *1* £44 54* 344. 

£ 2*, * ttl-fr 3*4, ZnSeTfl 44#1ESI| 11^44 4l£44. 31°fl n*§44(12)» 7>4 E4lZnSe4 
1^7l4(i)#|e| ( l/fln^^4 nl ZnSe4s1*(2), l/an**il1 nl ZnMgSSe1**(3), ZnSe/ZnCdSe 4*44* 
**§«4*(4), l/an*4|4 P*l ZnMgSSe4**(5), 0.2/an**l]4 Pi ZnSe*(6), ZnTe4 ZnSel 3*3i44* 
£S 4*44 Pi 5^H*(7)4 *44 1414 14. 444^4 3L4°11*, 60iim^]sl p<§ ZnTe*(8)4 
1444 14. 44 4* <^14^^t l £4°?I < l~3nm1 Au44(10a)4 34°fl 144 *^E44Ub1 3**2* 
44 4*44(10)4 1444 ja4. 

444 ^Efl 2444 1^ 2*, *<3£444 £114* *W(4I# *4 ** ** 4444°fl 4«fl 
*W4*1 1* 4*3- ?H* 44 444. »H 4*4, 4*34 444 7}*4t11 €4. * l^l 7111* £ 
3<H) £444. 

i11*H s\^ t 4**w 1344. 
n 1 Sin6 1 =n 2 Sine 2 n 1 =3.5(^^l), n 

2 =1(^4)S 41, e 2 =90°4 4* e x * 16.6 0 (°J^4)4 €4. 444, 4 1**, 4*4°11 4* 4^-s tIMU 
544 »4. 

^^4, f-l£^44 aiS-** «a1°14 f-4^^AS 1^14* 3.*Wt t 1 5U4. °H1 21*114, 44* 

4°fl slsii 7)vfl4 4^s-^vfl7fl ^4, *^4S 5fl4. 

o|^4 Qc], £ -g^ofl 2]t}^, Pi 44* ¥^£44/Au^2S 1-£LsL4, 4421 ^4*°1 ^7}i\SL, %^o) $ 

-*«4. £ ^#^ 0 1 Mf^«|, <a^#sH4fe, ^r^°l 1^44. ^f-4#4 l^^- 0 !), all 4* *H1> ^ 
544. 447>4fe, ##3* $44*3 4 544. £, ^4#"l|^, f-l£444 4^1* t 14 
^144-8-ol^Tfl 44. 

°14, «■ B i1* 4* ^-41^ o,^. *|1#4. 

°14°ll ^14^ 44°)H4fe, LEDfe, ZnSe* ^±s. 4^ Sl4. ^l£442l 7flss4, In 
2 O 3 -10wt%ZnO» 4-8-^:4. 

(^4<4 l)CVT(chemical vapor transport) ^ofl 21*1) ^4^- n ^ ZnSe(100)7l4°ll, ZnCdSe* #4#-^-S. 4fe 
LED« 314414. P^ 44* P121 ZnSe/ZnTe244T 1 as.t4. 4 4°fl 4^41°fl 4«fl, 4t^11 3nm4 Au 
» #44Ji, eW44#elM4'?H 4«fl, In 

2 O 3 /10wt%ZnO(IDIXO)» 44^4. 24*, 4*4 ^4. 
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^4££.(4^££ : 25°C) A W»^ 3xl0" 3 TorrO 2 ^°l^KrF248nm, 2^44^2:4 44, 4f^2l 47fl(20mAl- 
4*1)» k 5*14. 
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3^2: 
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IDIXO(90nm)/Au(3nm) 


2.84V 
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IDIXO(180nm)/Au(3nm) 


2.79V 


2.19* 


IDIXO(190nm) 


3.39V 


2.21* 



^sflsl Au(20nn.)oll «1 *fl , IDIXO(180nm)/Au(3nm)<>lW4, 44?H 1.31-2.19*4 1.67«1)S ^7>4£4. ^-44 
4°fl t]s\ _44 444. IDIXO(190nm)°fl 5ti°W, 443°1 IDIXO(180nm)/Au(3nm)4 7^ 

f"444°l 4<£4aL XM "H^, Au(3nmH ^sfl, 342] ^^5]<H 4fe 34 4 ^ 5d4. 

£4, IDIXO(90nm)/Au(3nm)<>1144, IDIXO(180nm)/Au(3nin)o)l «l«fl, 4#3°1 *144j1 44. °134, IDIXO*fl<H] 
*]2j 4^44°fl ^isj-ji ^4^4. _^<S] 14, 4=^2:3.4, IDIXO(180nm~200iim)/Au(2nm~3 

nm)4 4£4 14# 4°14fe 44344. 

f-4-ir°l ^SS)r 4=^, (l/4+m/2)xA/n(m=0, 1, 2, 3)°fl 2]*fl _>144. 
¥4-§t°1 34 4^14 (m/2)x(A/n)°fl sl«fl _>144. 

^7H, A4 4444, n£ IDIX042] 44^ &4. 

if- 44 LED2] 4444(480nmH4^r, n4 4^r*1 2.07°14. 44^1, ^444 ^cflis]^ D -t^11fe, 58nm 
(m=0), 174nm(m=l)SE)3l, 47) 180nm4 4H47fl €4. 2, ^-44°) 4^3- 34 4t^14 116nm(m=l) 
4 €4. 

(4*H 2)4 4*H1°W4, Auf^^, In 2 O 3 /10wt%ZnO^44, 444 44 24313. <34*iH 4^4. 4# 
2) S.4°fl ^$4. 





^4£r£ | 


4^*1 


^44 


_^4 


4* 


4^4£ ! 


180nm 


3xlO-3Torr 


^4 


44 


4MI45L j 


180nm 


3xlO-lTorr 


44444 . 




4°1 2.80V°IH 443 °1 2.43WS. 47}M4. 



4^21 %A 3£ 4^, 4 4^°fl 44 ^£442) alslMH 443fe «W 44 44*1 4 7l)l£oi4. 

JHU3 JlSllS^ofl 2:44s, T^H^ o|£o)4 ^*>f. cflSJ:^. <H*|oi] 7}#S>\o\] 

4s, 44* ^44^ 5l]°l^^l-^]°14 , aol4 44^ 3<>14. °1 ^4444451*114421 44*3. 

^i^sa-i cfl^i 4>?H4. 44 3M*14^f- c-i-g-siw, ^4 4^*fl<y«14 0 114 44£4 4M4 D H4 
4, °fl^J, 44444 *84 4 91^= °144 4^4. 444*1 44*1 4°fl 4*H2l 31°]^ 4 511014^21 ^13^, 4-i- 
4 44. 

^1 44^^* 4 ^ 4^ * ^ 44. 2, 4^4°s^e1 ^^.g-^.o^oi 4#s]7l nflg-ofl 4$f-o] ej- 
4°1 ^^€4. 

4^-7l4«-£ -^4#£f-2l 4^ 44°]*H« 4^4 ^ 44. 44^1 ^l<H4ol4fe 21^011^1^, efloi^i 
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5, <g«l*MI sM£ 44 314*1 jUf^i ^o^o] 7 }^44. »I4 g°l, 7Wa #4. 

eflol^ol^zfl o^^fe, £ 4°fl £4$ Uj-Sf £t>l, ^^S] f^Jofl 4 tiffin 7^^SflS. ol^^l ^H^Tjll- ^ 
i, ^ £fe N0 2 *4 43H 2:A>*flAi *] 

i-eM£-§- HH94*L4. <H#e|oi^o| o^sflAi €4£4°1££ S)3*fH av^s)^a1 3343* $4. 

^7)2} ^Efl 3«Mte, 0)4 4<>14<H#4<>14?*I* A^Al, ^£^4^ <$4* 

-S^aa*«>l*M 71^4. 

=11 °1 ^1 : KrF248nm, 23/c**W: In 2 O 3 -10wt% ZnO^^ x22{l Co 2«J£*, o]^ idixo^ 43 
t.) 

71*: Mg0(^4^^), -8-3(7-W8-§-)^4££: (^£5L(RT)~300°C)£^.2.S7i rt# 4-§-$4. 
3 4*8-3: 0.3-3x10 

■ 3 Torr 0 2 (i^SAi f 3xlO" 3 Torr 0 2 » 4-8-314)^ 42:?H cflsflA^ d)^ ^$4. 

$HH7lfc4«* 44 ( saJo] £4*14. 4^ 7^ s^£c]4ol^7ll«J-<H)Aifi) 47i!-7l*^7le|^ 60~70mm^£7l- 2] 
3°J 14* "Si SU-^, ol'dsm S^tfthH 47J!-7l*^s]l- 70mraS. J2^4^, 4£42l#^* $7}*}%^. 
3E#, IDIX021 slf'Sfe 120ran'8£S. $4. 

£ 5°fl 7i*j~§-4 #±<&<n 47H- iA]tb4. 7l*J~§-.g- H7| | £44^ 3x10 

- 3 Torr"Hl^ dip* 7>a|^ <&t1|s1a14. °13£ <&±.%°H 2]«fl, f-^H£42l 7i*<H 3)30} $o)sXr±5LZ}^ i 

in4 <y^l4ji Si4. 7>^^- 6.5x10 

-SQcn^Jl^ ^^Bl^oflAi tfl4*l ^4, o) nfl^ ^^^ofl $434^ 

512] 7^^o] 4 ? 1 nJIS-ofl, ^^^4fe 4-^7} 1/10SE] Jl, o)^ 2jjS. 3f-4-§:-§- £ floj, ^aiS^H 

ji#^2i ^£34°1 7)i47V^-47fl 44. £ °lsi£4<HH Tfl^tl 42] ££2] 0.5nm^513. tfl4*l sg*^ 

£4. i^'fl O.S 4<H) «1 *fl 1/I07j£ol4. 

£ 6°fl IDIX02] f-41-2] ^V±-y-2)^# 3g7VlV 14* &Al$4. °j 300nm2] 4 < ?1^4. ¥4"i"^7^oj 

^lSfe, 7]*o.S.Ai ^-^#o| 200nm^£2] MgO* 7>^-4ji ojji, 300nm2] f-^7> IDIX04<H1 7.1?]4ji 5ife ^J^- 
<£ <r SI4. 7}^-^ Mg07l*s1 4^ 500nmofl7i£) ^-4^^- 84%S. ^sH^U, ^4^°J4 IDIXO4(120 
iim)2l f-4-1-21 *7)]3.Aife ( S 34 Tll^ ^ $14. 





IDIX0^41- 


0.3Torr 1 


99% 


3xl0-2Torr | 


87% 


3xlO-3Torr 


92% 



^4tt 0.3TorMl7ife, f-4-§-°l feo.4, 7-1*j-#ol tfl^s) ^-4. 7}% ^2. A^^ol <g7l]« 3x10 

- 3 Torr°W^, ^4-1: 92%7> "971)51^4. ^^^H^ife, <y«H^£ 4^1]7f tf-fr Au* ^^?i^SAl a>^-4 
3. S14. 4=^1 20nm2l Au^l ^-4#°1 37%ol7] nfl^ofl / IDIXO* 7}-g-$o. 2«fl°1^2l ^711*4. 

Tfl^^IDIXO* ^4-, l)^M)§-i, 2)7)l^Aj f-g. sg 7 >^ ^A7> S14. ZnSe7l*-g-, 10mro4 
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3£°H, 3L#5,m]2] ^x}£) %°-3. ^43^, °l£5}ir IDIX04-§- f-^a 

4°II4 33 ^443£ 3+3 ^^ir^^l- 34434. zl 14», 2. 4°ll £444. 



[M4] 



Run No 




1 


3.5xl0-5£cm 


2 


4.5xl0-5£cm 


3 


5.7xl0-5£cm 



Run4 tf* 4%-§-3 #44 4334, i& Al5.o))Ai i 0 - 5 fficm°l^^ 5d4. °14 4+ 3H14 

EU Sl^r ^#oflfil 3-g-°1|fe ^lSl^ 3 °-5L ^§444. 

£4, °14 t°l 44-§-°l 444^ 44.2.3.4^, i) E^a^el 2 )4^1447} 44 0.3. ^444. tfl 
*M*r 431S43 44, 2)ofl q)«D4^ 4^1-2.Me13 4*H1 2l*i| 7}-444. 

££34*121 4£42l^3f^2] i43lH 5!1«1^<H1-^1o1^^o|1a^ IDIX04* 344-2.3. «1, ^SdH 

m 34-§-°i m$^si *i44 4- 4534. <>i3+, 4-8-34+ +3514421 4+*ii» 1/1035: 

S 7^4 5^ 7>^* ZA)Z\3. 44. *4li, ^33^14^ <^7l^(^4; % t4^4)°l 

4jlH, 342:4*1 *fl4€4. °H 3*fl, ^1 ol ^ <H*efl °1 ^ ^ °fl^l ^, 3*1*1 4+3+3 <*M4°1 qAW«M 

*1# £ 0 J*V7l n^], 34*13 43 + tfl7l4e*W+3 i^-g-^H -g-°147ll 444 ^ StU, 3 3 * 4^4<>11 
421 34°1 4444. £ 42:3°fl 4*fl4^, ^H^H*^^ 0 ^^, 43!2:3 0 fl 44+4°l -§-^l*>7fl <2t1]44. 

014 ^ 440)14, £ 43°il4^r, rfl^*i *w-§-fr IDIX043 34-1- 444 + 444 %°-3. 34 

44. 

£, 4^44 34-1-3 431* 33.44 34, 4 30(TC°1)4 34+3 -g-5L44+33* 4433^ 4^4 4a)4 
$4. £4, 344+ 4M145L 34414 43- 4+ 344-I- £34 3xio 

-3 Torr s 444. 444 £ 5°fl £344. 



££7^42£ 


344 _J 


100TorrO2 


5.2xlO-2Qcm 


3xlO-3Torr(344) 


2.3xlO-3Qcm 


43-# 


1.4xlO-3Qcm 



£43<£343 i^SL IDIX04+, -a±J£fl«|-7l4i-f ^, 1£33 <H3 + Zijo] ^ X^s. /j2f^4 

Au-¥-7>4 IDIX0421 ^7>^^i^4^r, "a^O-S., n^«V£^l°i^ f ZnSe7flLED2l p^4ASAi ^4^# 



t-g- ^^4fe 4^°1 SZ4. °13* 47l^*fl, IDIX04*- ^4471 ^°11 Au4<- ^44^ IDIX0/Au^<>)1 cfl 



«D4 3 



^14S4. ^1ft1 4^ 141-, a 6»l| a^44. 





*1*# 


3 run 


1.2xlO-4Qcm 


lOnm 


6.0xl0-5£cm 



7l4°fl »1«114 # 3nm°)14^, 4i^& 10nm°)14^, -§-°^4 3^21 7-14^ol $14. 3nm<>Il 
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4 *UM «°J.°-S4fe, Q^SLS. Au(^7l^£oflfe 7H^1 #feCj-)S] ^t(M £l*f|, IDIX07V 

442:7W SH4 444°1 ^#44 Qjl, ^*J-#o] ^4044^ xgz|^4. £ , lOnmSSl-S, Aufe <3^HsU, 
IDIXOSl #7}&5L°\ a!4# iL^sl-s 34 £44^ ^4. 

£ 7°l], IDIX0/Au444i°l] 5a°142l 4444^4 Au3 ^t-HI 2l*fl, 44421 ^47} <y^£4. 44 

500ran<>lW, IDIXO(120nm)/Au(3nm)^ Jf44* 80%^£°14. Au2l 44*fl2l ^=-g-ofl H ]sfl f Jf-4-§-oj *|44:ji 5a 
4°J^sL4fe, Aus] £tH °l=i| f IDIXO^ 7>^]51 ^44°1 A-j44:a 5I7I nfl^o] 33.03. ^434. 

4^2} ^ 4£ & g. f AjAl fi) $E| lofl J^i^^o, aj.fi. ^SflAi, 44#4£*l| 44^421 fcfcS. 

0I4. £ 84 4a*H, n ^ ny^^ 51) s\ ^^ch] n 44(52)7l- $43<>1 5J4. n ^ uV£*|]^(51)2H 4^4(53) 
°1 $43°1 44. 4 A o , 4(53)2|°fl 4S*i]4(54)7l S^SM 0*4. uVE31#(54)2H ^J=4(55)7> $4 
sW 44. ^H4(55)2H 4^44°] P44(6)ol 44. P^4^-(56)2H sllH(57)ol «§43<H 44. 

4^(57)oflfe, 2) ^^(£^4)^3.*^ ^^(58)0,1 4^ 3^4 ^^4. 

£ 8°11 3.*m 44 44 444451*11 44^42] ^44(56)21 4443 0.3.4, AjAlsl tgEfl 3°fl4 gig 3 sflo] 
7loll-^)olAi«# 444^-4 444°1 4^, £4 €7l^l£#oi ^o.^ £ *aw-8-s|oi flfe Au^^a.4£, 2 
afl°l^sl 4434 7^^ ^-g- ^7flsl$i4. ZnSeTfl LED2) 4^4^3.4^, 4434 3313.471 IDIXO 
(200nm)/Au(3nm)7> 4 £344. 

olAj.4 £o) ^5]ir f-^S.^421 ^i'ff'fl*, 444 4£*fl 44^42] 4^442] 444>?H oj-g.^ ™b> o>u| 

4, 314444, &4 4°H4 4-§-« ^ 44. 

0l4°fl 7l)Al^ Aj Al o] 3^ 2.= ^oflA-1 o)lAl^ 0.3.4, 4^4 23£M4 4 ?M4. 4 4^2} 

4?14 ^oH^Dl *M sm*\ XAlE|jl f *«|$?<g4l4 3f.$ °H g >g^vflollAl2l £H >£ 

3*1 Mlaslfe sl£.s]«H 5fl4. 



ol-S- ^« 44 *<>i ^ ^^oj| si4^ ; tf^jLfc* ^<y^ 7l ]^ HV£s{|^i4 « ^4<a-^, ^47>^<H1 
^ltboi aa, a* ^4t1| 4^^* iHt ^ Sl£4 711^4 ¥^£4451 ^11^4^ ^ *4*°1 444^, a4 
2iE| 7-1 7 D v^ ^ o; £ s. 7 fl^ ^-^£4421 £44fe 44f-4£^l 44^4^1 ^^4^4 ^1^4 

^S14. 

(57) $41 

S 4oH 4^^4ol 71^-4,471 7l*flo| *§^4 44^(4)4,471 444^i ^ A ^€ P^ 4£^114(24) 
4,471 P^ 4£^l4^ofl 4^-44(10a),(10b)» ^«142,47l 4444*, 20I42I 41-4421 %-o.s. 
°14ol4 2j442:# 7}4 4£^144^7>. 



^442 

4 14°11 SloiAi, Aj-7) av«.^^ ; a} 7) P ^ HV£^i^(24)ofl ^44^ Au44(10a)4, a $H) «4€ 
^i4(10b)» i44fe 4£sfl44^4. 

^443 

^ 24°fl SMAi, 47l Au44(10a)2l lnm~3nmO] 4£^44i4. 



^T^44 

J< 24°fl SioiAi j aj-7] ^-tg E ^4 (10b) ^ in 2 o 3 -l0wt% ZnOS ^^5)^ 
^445 
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*)] HH 5fl°H, ^(lOb)fil ^(lOa)l- 3§^2» ji,^7l sl-#(iOa)^ £££ 

*fl l^ofl Sl^H, -SM ZnSe^S^M** £tf*Ka, 4 V 7) P*§«j£*(|#(24)fe, ZnSe^] ZnTe^l 

Efe BeTe^l ifs^ ^£^|**±^>. 

* 4^°fl 5fl°H, H^WWV&W s)i$ i Aj. 7 ) In2 o 3 . 10wt o /o Zn0 s\ f-^£^^(iob)7>^^s)°1 5a^ 

5!*2HH £<ysHr *34,*>1 ?M*l*-i- 2*1*31, ol-tefloltfofl ^ £^ 

8*°l 5tW*1, # 7 1 43!£, In 2 O 3 -10wt%ZnO» t-B-*Hr ^£343 ^atf^. 
4 9*M 5ft<>W, ^4££», ^££~300°C°i] 2*isiH, # 7 1 33 f-^t^W ^2^. 

Tfl floH, ^4^3*, 0.3-3x10 

2lfl-?-°fl ^^lSVfe *34,tf7l 51*23] ^ofl # ^^£^1^ 7flS7> S]fe eH5* >S*l5Rr *^4, A ^7l 5l*2tfl 
^i7>£] ^|2^. 

* 12*H1 sa«H-H, ^71 ln 2 O 3 -10wt%ZnO» «-fr«lfe ^l-^S^l^^sl »12^_ 

* 12**1 ja«H-M, ^*£* f *N-8r£.~300°C£sfH, $7] l^^-g. fQffe $tff-*V£*|tt*di*}3 4^ 
fl. 

* $a°H, 0.3-3x10 
-Eg 
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(a) 



-Esssssssssr 



:22 



(b) 



q-26 



(c) 



-30 
4-24 



(d) 



10b 

gzzzzzzz^-10a 



--24 



10b 



10a 



— 8 

--7 



— 6 



— 5 



— 4 



— 3 
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